Introduction.
This work is reported as part of a series of investigations carried out on the immunologic aspects of trypanosome infections in the rat. Since the study of immunity in trypanosome diseases is almost unique in the field of host-parasite relationships because of the changes found in the antigenic constitution of the organisms themselves during the course of an infection, these studies are concerned with the parasites as well as with the hosts. The ability of the organisms to alter completely their immunologic properties is a function of the resistance of the parasitized host. Rouget (1896) first showed that protective properties appeared in the serum of an animal which had suffered an infection with trypanosomes. Several years later Schilling (1902) observed the phenomenon of trypanolysis, which he had noted while working with T. evansi in horses and cattle. Franke (1905) found that the blood of the host could at the same time contain both trypanosomes and strong trypanolytic antibodies. As a result of this finding he pointed out that such parasites were evidently of a strain resistant to the antibodies, and were thus changed from their original status in some fundamental biological manner. It was later shown by Ehrlich, Roehl and Gulbransen (1909) , Levaditi and Mutermilch (1909) and Levaditi and Mclntosh (1910) , that trypanosomes may become thus resistant after a few minutes of contact with immune serum in vitro.
It is apparent that an immunity which may so sharply differentiate between the strains of one species of an organism is an extremely specific one. Actually, the strain specificity is so rigid that immunity reactions are really of no value in the identification of trypanosome species. As a matter of fact Taliaferro (1929) , after discussing the work of Leger and Ringenbach (1911, 1912) , of Lanfranchi (1912) and of other investigators in which it was found that group reactions occurred between a given trypanolytic serum and different species of pathogenic organisms, states that "the immunological differences between what are called different species is less than between relapse variants of the same species." Wenyon (1926) on the same grounds refuses to acknowledge claims for new species except on the basis of morphological characteristics. Hartman (1930) has given a very fine illustration of this strain differentiation in the case of T. brucei in rabbits. This investigator isolated three relapse strains of the organism by means of rabbit inoculations. He then injected the original strain into the scrota of normal animals, and superinfected at other points with the relapse strains. Primary chancres were obtained at all the sites of inoculation. If, however, superinfection was done with the original strain after a primary original strain infection, then the animal developed no chancres at the points of superinfection. From this the conclusion was made that original and relapse strains behaved as heterologous strains, infection with one preventing chancre formation on superinfection with the same strain but not with the other.
An interesting phenomenon depending upon the antigenic individuality of the trypanosome strain was discovered by Rieckenberg (1917) . Working with drug-cured T. brucei rats, this investigator found that the blood of such animals elicited a characteristic reaction in vitro with organisms of the strain to which it had been made immune. In the immune blood-trypanosome mixture, blood platelets were seen to adhere to the agglomerated parasites. The reaction occurred only with the originally infecting strain. This observation marked an important advance in the simplification of strain diagnosis as a routine immunological procedure.
The pathogenic trypanosome infections have been often described in a variety of laboratory animals, including the rat, mouse, rabbit, guinea pig and dog. With practically all the members of this class of trypanosomes, essentially three different types of infection are found, the type being dependent on the host which is parasitized. Although the various species of parasites may differ in the type of infection produced in a particular species of host, in another kind of animal conditions may be reversed. In other words, the pathogenic organisms are capable of effecting three types of physiological and pathological changes, though each species may effect these changes 31 in different animals. However, since the fundamental reactions given by the pathogenic species are common to all the organisms, these reactions may be compared. It is for this reason that, although the work reported here was carried out with T. equiperdum, evidence on certain points is taken from investigations carried out with other species of trypanosomes. The disease produced by T. equiperdum in the rat and mouse is recognized as being acute in nature. Taliaferro and Taliaferro (1922) state that the parasites are virtually confined to the blood stream, wherein they multiply continuously, finally causing the death of the host in from three to six days after inoculation. The animals die at the peak of the infection, when the organisms are literally swarming in the blood. The authors include the disease in this host in the class of "infections of a continuous type," i.e., infections in which no resistance is manifested. In such an infection it is interesting to consider what possibilities offer themselves for allowing the host's resistance an opportunity to become at least slightly effective. The lines which various investigators have followed in this attempt are briefly described in the succeeding paragraphs.
The conventional immunological methods of producing artificially acquired immunity have been far from consistently successful in the case of pathogenic trypanosomes in any of the hosts. Using vaccines of organisms killed by many different methods, Uhlenhuth and Woithe (1908) with T. equiperdum, Boss and J. G. with T. gambiense in rats, and Eoss and D, with T. rhodesiense in a human were all unsuccessful in modifying the course of infection. Ross and his co-workers, as a matter of fact, found that when the vaccine was injected into the infected hosts, a rise of trypanosomes in the blood stream followed, and in several instances this rise was great enough to cause the death of the animal. Teiehmann and Braun (1911) , and Braun and Teichman (1912a , 1912b , 1912c carried out rather thorough investigations along this line with far different results. Mice were immunized with T. equiperdum powder, following which the great majority resisted infection. The same type of results were obtained in rabbits. There was no immunologic specificity between T. equiperdum, T. brucei and T. equin-um, though there was a strict specificity between the strains of one species. Following this, Laveran and Houdsky (1913) attempted to confirm these results, but found their antigen to be toxic for mice. Aoki and Kodama (1913) also were unsuccessful with T. equiperdum and Hintze (1915) with T. bruoei vaccines. Kligler and Weitzman (1926) obtained very interesting results with T. evansi in rabbits. These investigators found that rabbits given successive injections of killed trypanosomes are rendered hypersensitive rather than immune to subsequent infection. Hypersensitivity was determined by the length of the incubation period, the degree of blood invasion, and the progression of symptoms.
The sum total of evidence, then, on the possibility of artificial immunization against trypanosomes apparently leaves much doubt that it is capable of was unaltered, for Dr. C. M. Johnson (personal communication) states that in several hundred rats infected with this organism during the course of the work reviewed above, nothing but the acute type of infection was ever noted. According to Kligler and Rabinowitch (1927) the sex and age (as estimated by weight) of the experimentally infected rat influence the course of infection with T. evatisi, and the acuteness and speed of onset of the disease may be controlled by dosage. Knowles and DasGupta (1928) , on the other hand, report that neither sex nor age influences the course of infection with this organism in the rat. Kolmer (1915) , discussing the numeric relationship of T. equiperdum to infection, states that when these organisms were injected in very large numbers into rats, they killed the host in from six to ten days. The smallest number of organisms capable of infecting a rat was 273 in a 73 gram animal, whereas from 80,000 to 100,000 insured a regular infection. While small doses lengthened the incubation period, the duration of life was in general the same after trypanosomes were found in the peripheral blood as when larger numbers were injected.
As the result of observations of this type made on rats infected with virulent strains of T. equiperdum, the conclusion would seem to be justified that the natural course of infection of the organism in this host actually does transcend any effort on the part of the host to offer resistance, and this, regardless of the advantage which may be given the host in respect to weight, size of infective dose, or treatment intended to alleviate certain of the lethal factors produced by the organisms. Linton (1930) states that antibodies and leucocyte reactions are absent or only slightly evidenced in this disease, while in the words of Taliaferro and Taliaferro (1922) , discussing infections with T. equiperdum and other organisms of the same type of pathogenieity in the rat-"Here we can find no evidence that any resistance is built up either toward the rate of reproduction or toward the destruction of the parasites, after they are found. Once the trypanosomes establish themselves in the host, they reproduce and live in the blood unmolested. In some cases indeed (ease of a T. equiperdum rat is given) there is evidence that they reproduce more rapidly as the infection progresses.'' Observations on the course of the uninfluenced T. equiperdum infection in rats in this laboratory have given entirely different results from most of those described above. In the work detailed below it has been found that under certain conditions these animals may build up a naturally acquired strain specific immunity to the living parasites. The " Rieckenberg" antibodies which were elaborated at the trypanocidal crises and were used as a means of strain differentiation in this work, have also been investigated in connection with their blood protein association, and were found present in a fraction of the blood other than the fibrinogen to which they were previously ascribed.
Experimental. Trypanosoma equiperdum from several sources has been used. We are indebted to Dr. C. M. Johnson of this school for the first organisms received, in 1931. A second strain was obtained through the courtesy of Dr. J. T. Culbertson of Columbia University, and a third strain was received through the kindness of Professor W. H. Taliaferro of the University of Chicago. These strains were received in guinea pigs, and were propagated thereafter by intraperitoneal inoculation of albino mice. The organisms from the three sources were identical in activity in all the work done, so that no note of the source will be made in reports of experimental work.
Albino rats were used throughout the work. These animals were derived from two sources, but no differences were found in the reactions to the infection.
Experimental inoculation in all cases was accomplished by the intraperitoneal route. For this purpose, a heavily infected passage mouse was anesthetized by intraperitoneal injection of urethane. The thoracic cavity was then opened aseptically, and about 0.25 cc. of blood was obtained by cardiac puncture. This was immediately put into 0.5 cc. of isotonic sodium citrate and shaken for several seconds. To this was added several cubic centimeters of Einger-glucose solution (Ringer solution plus 0.2 per cent glucose), following which a count was made on the suspension with the haemocytometer. Further dilution of this suspension was then made with the Einger-glucose, in which the organisms were found to remain actively motile for some hours. The desired amount of infective material was taken up into a series of syringes, and injections were all carried out at the same time. By this means, the influence of any disintegration of the organisms in vitro on the size of the infective dose was eliminated, since the inoculum received by each rat had been exposed to the in vitro conditions for about the same length of time. The inoculum was examined microscopically after injection had been completed. The entire procedure between the time of collection of the trypanosomes and inoculation of the experimental animals required from 15 to 20 minutes. Since results similar to those reported were obtained in other experiments where the time for haemocytometer counts of the infective dose was not taken, attenuation of the organisms by in vitro conditions during the 15 to 20 minute period is not a factor to be considered in the results reported.
Trypanosome counts on the infected animals, where they were done, were carried out also by means of the haemocytometer, using blood obtained from the tail vein. The diluting fluid used for such counts was that recommended by Sooy and Laurens (1924-25) for blood platelets. The fluid contains formaldehyde in sufficient concen-tration to fix the organisms instantly, while the brilliant cresyl blue contained in it makes them clearly visible. All small squares in the chamber were counted. Red blood counts were made on the same sample used for the trypanosome count. After having obtained complete familiarity with the course of infection in the rat as the result of many haemocytometer counts, this method was abandoned in favor of blood smears stained with Wright's blood stain. It was found that with a rapid course of infection such as occurs in this host, this quick method of gauging the intensity of the infection allowed of greater flexibility in the treatment of the animals. A check test with the Rieckenberg reaction proved that the slide method gave a correct expression of the progress of the disease. Intensity of the infection as measured by the blood smear was recorded simply as + , 2 -f-etc., as the result of the impression gained by examining the slide under the oil immersion objective.
The continuous type of infection.
During the course of this work many observations have been made on the progress of the acute infection in untreated animals, and the findings of previous investigators have been, for the most part, duplicated. In order to afford a comparison with the results to be reported further on, an example of this type of infection is given in graph 1. This rat, a male of 220 grams, received 445,500 trypanosomes. Organisms were found in the blood at 25% hours after infection, and from this point onward there was a progressive increase in their numbers. At 116 hours after infection the parasites numbered 1,273,000 per c.mm. of blood. This figure lies in the range usually found in animals dying of the disease, so that death probably occurred very soon after the last observation. This value of approximately 1^4 millions of trypanosomes per c.mm. of blood at the peak of infection has been found in many cases in which counts were made shortly before or during terminal convulsions. Drs. J. Andrews and C. M. Johnson (personal communication) have noted the same figure at the termination of the infection, but Taliaferro and Taliaferro (1922) place this number at about 5,000,000. It is difficult to state what the basis for this difference may be, since results of the type reported have been obtained by the author with trypanosomes received from Dr. Taliaferro. The discrepancy may perhaps be referable to a difference in the stock of rats used.
The characteristic cellular change observed in the blood was the anemia which is invariably associated with this infection. As shown, the sharpest decline in erythrocytes began after the organisms had begun to appear in the blood stream in appreciable numbers. From the normal count of 8 to 10 millions, these elements were in some cases found to fall as low as 3~y 2 millions in a period of 2 to 3 days. The question of concomitant Bartonella muris as a source of anemia was considered in these rats, but careful examination of blood smears from animals heavily infected with trypanosomes has never revealed anything which could definitely be identified as this organism.
The leucocyte picture in trypanosome infected rats was determined in a series of eight animals, in all of which essentially the same findings appeared. As shown in graph 1, the total white count in the normal rat was high-an average of 16 counts in 11 normal animals has given a figure of 17,054 per c.mm. of blood. In the case shown, the count was above this figure. There was no significant variation in the count throughout the infection, the only constant change noted in a series of rats being a rise at about 24 hours after infection. This rise was occasioned by no particular type of cell. The differential count was maintained practically constant throughout the duration of the disease. The life of this particular animal was about 5 days. In some cases death occurred in as little as three days.
It has been found that the sex of the animal employed does not influence the course of the acute infection. Observations on the effect of weight in this matter have been rather limited, since the attempt was made, where other conditions w r ere equal, to use rats of the same weights. The impression has been gained, however, that on the whole the infection is more protracted in animals of greater weight, other factors being equal.
The relapsing type of infection.
Test for presence of immunity. Observations on the influence of infective dose on the course of infection have disclosed the fact that rats may show an infection with T. equiperdum of a crisis and relapse type, and the occurrence of this type of infection was dependent on the number of organisms used for inoculation. In table 1 are listed a series of rats given varying doses of organisms intraperitoneally. As may be seen, a relapsing type of infection was obtained after inoculation of as many as 80,700 organisms. With doses greater than this, there was never anything found but an acute infection of the type shown in graph 1. The intensity of infection as measured by blood smears has indicated the occurrence of very sharp crises in those rats in which resistance was manifested. This method, however, was 
Relative numbers of organisms in blood smears on days after infection not relied upon for the analysis of resistance. Extensive use of the Rieckenberg test has been made in order to check up on the immunity in the experimental animals. Not only has the blood of animals which had gone through crises been tested for the presence of antibodies, but the trypanosomes present in animals at various stages of infection were tested as to strain with the blood of other animals known to be immune to certain strains. In the same way the strains of organisms kept routinely in the passage mice were tested at intervals. The reaction depends upon the presence in the blood of trypanosome immune animals of an antibody which, acting upon the strain of trypanosomes against which such antibodies have been formed, brings about an adhesion of the blood platelets to the agglutinated organisms. The reaction is extremely specific, and has been found to serve very well in the differentiation of the various strains used in this work.
For example, as shown in table 1, rats 17 (7) and 18 (7) were both infected with strain 0 ± trypanosomes from a passage mouse. The blood of rat 18(7) on the eighth day after infection, i.e., the third day after the crisis, was found to give a positive Rieckenberg reaction with trypanosomes present in rat 17 (7), which had shown a slowly progressive acute infection. Since the blood of the former rat did not contain antibodies against the relapse of strain 0 t kept in mice, this reaction showed the presence of antibodies in the blood of 18 (7) against only strain 0 L and at the same time proved that the trypanosomes in 17 (7) were still of the strain originally injected. In the same way, the bloods of all the other crisis rats were shown to contain antibodies against the passage strain originally used for their infection. The trypanosomes appearing in them during the relapse, moreover, were demonstrated to be no longer the passage strain. Influence of sex on infection. As might be expected, the incidence of the relapse type of infection, even when very small doses of organisms were used for infection, apparently depends upon the individual inoculated. Sex seemed to influence the type of infection found in these'animals, and female rats, even though usually smaller than the males infected with the same sized doses, showed resistance in many more instances than the males. Thus, of the two rats infected with 80,700 organisms each, the female showed the relapse type of infection. The same thing was true in the case of two rats infected with 20,500 organisms each. Of six rats infected with doses of approximately 5,000 trypanosomes the two female animals, though of less weight than any of the four males, were the only rats which showed the relapsing type of infection. The same was strikingly true with IMMUNITY TO TRYPANOSOMES, I 427 doses of 200 organisms. Nine rats received this dose, of which two were males. The seven females exhibited the relapse type of infection, whereas the two males showed acute infections, and notwithstanding the small doses received, died between six and seven days after inoculation.
Relation of incubation period to development of immunity. That the length of the incubation period following a small infective dose was not necessarily a factor related to the development of the relapsing type, as opposed to the acute type of infection, is evident from the results given here. Thus, the incubation period in some cases was shorter in a rat which showed a crisis and subsequent relapse than in a similarly infected rat which suffered an acute infection. For example, whereas rat 18 (7), receiving 80,700 organisms and showing a relapsing type of infection, first showed trypanosomes in the blood stream on the second day after infection, its companion rat, 17(7), in which there was a continuous type of infection, did not contain a demonstrable number of organisms in the blood until the third day after inoculation. It might be stated here that with doses above these limits, with which acute infections have always been noted, the work of previous investigators has been confirmed in regard to the relation of the size of the infective dose to the length of the incubation period. Organisms definitely appeared earlier in those cases where larger infective doses were used, though differences of perhaps several hundred thousand trypanosomes were necessary for the effect to be definitely noticeable.
An interesting point is the fact that in those cases in which daily microscopic examination of the blood revealed a very extended incubation period, as in rats 1(20), 3(20), 4(20) and 14(8), immunity to the organisms used for infection was actually demonstrated some time before organisms appeared in the blood stream. Thus rat 1(20) was tested for the presence of humoral immunity for the first time on the eighth day after infection, and a positive reaction was obtained. Trypanosomes did not appear in the blood in microscopically demonstrable numbers until the twenty-second day after infection. These organisms were shown to be of a relapse strain. In view of the fact that a crisis had taken place even before trypanosomes had become visible in these animals, it is not surprising that some of the rats showed more than one visible crisis before the finally fatal relapse occurred. In contrast to these cases in which antibodies were found before the parasites had appeared in the blood in visible numbers, it was found that when the dose of trypanosomes inoculated was too small to eventually produce the infection, no immunity developed. In the cases of rats 7(8), 8(8), 9(8), 10(8), 11(8) and 12(8) in table 1, doses ranging between 50 and 1,000 parasites failed to produce the infection, nor did the blood of these animals at any time during the next 24 days give positive agglomeration, or platelet adhesion reactions. At this time reinoculations were made in all except rats 8(8) and 10(8) with larger doses (200 to 2,000 organisms) of the same strain of organisms. Invasion of the blood stream was prompt, and the parasites which appeared were found to have undergone no change as would have occurred under the influence of antibodies. Eats 8(8) and 10(8), which were not reinjected, continued to remain completely free of parasites. In another experiment eleven rats were injected with what was thought to be 5,000 organisms each. All of these animals failed to become infected, nor were antibodies ever found in the blood of any of them.
The comparatively large number of organisms which were found to be non-infective in the above animals is surprising, in view of the fact that in other experiments doses of 200 organisms sufficed to produce the disease. Since microscopic examination revealed actively motile organisms in higher concentrations of the inocula in both experiments, and since in experiment 8, these higher concentrations infected other animals, the organisms were probably not dead, but were present in less concentration than was supposed.
The defense of the host which produced the results discussed above cannot, of course, be considered an acquired immunity. Rather, the killing off of these organisms in the animal body must be attributed to the natural resistance of the animal. This defensive action must be exerted rather soon after injection is made, for it has been seen that if the parasites exist in the body even in numbers so small as to remain invisible, an immunity develops. Since animals which produced antibodies in every case eventually succumbed to a fatal infection, whereas animals which received subinfective numbers of living parasites did not acquire a demonstrable resistance, it appears that immunity to trypanosomes is an " immunitas non sterilisans''-that is, the presence for an appreciable length of time of living parasites in the tissues is necessary for the stimulation of acquired resistance.
Relationship between relapse strains in different animals. The manner in which the strictly specific immunity to various strains may be interrelated in different animals is well illustrated by such a relationship which was worked out in the case of three animals showing crises and relapses, and is indicated in diagram 1. Of these, one rat, 13(8), was an untreated animal (infection shown in table 1) while the other two rats-2(19) and 6(25)-were animals which had been treated (in connection with another line of investigation) and had also shown infections of the crisis type.
Eat 13(8) had been infected with passage mouse organisms which we shall refer to as strain 0 ± . On the fourth day after infection, DIAGRAM 1. organisms appeared in the blood stream, and these were shown to be strain 0 t trypanosomes by means of Rieckenberg tests carried out with the blood of a rat known to be immune only to this strain. On the sixth day, these trypanosomes had disappeared from the blood, and during an interval of 13 to 14 days the blood remained negative. For the first six days of this period, frequent tests showed the blood to contain immune bodies only to strain 0 1 organisms, but not to relapse trypanosomes of this strain. Tests were not done after this point, and when on the fifteenth day after the crisis trypanosomes were found to be present in the blood once more in rather large numbers, the rat was bled by cardiac puncture. The blood thus collected was used for subsequent Rieckenberg tests. Graph 2 serves to illustrate these points.
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Meanwhile, rat 6(25) had been infected with strain 0 2 , the relapse of strain 0 1; from a passage mouse. After an incubation period of four days organisms appeared in the blood. By the sixth day these had disappeared, and for the next nine days the blood remained negative, and was found to contain immune bodies to strain O 2 . The blood during this nine day period was that used in the work to be discussed. Graph 3 portrays the treatment of this rat. To summarize briefly, there were two immune substances to be used. The rat 13(8) blood was collected after one visible crisis had occurred in this animal, and might therefore be considered to be immune only to the organisms which were destroyed at the crisis, i.e., strain O x . The rat 6(25) blood was taken from the animal after one visible crisis, and might be considered therefore to contain immune bodies only against the strain 0 2 organisms with which it was infected. However, when the blood of rat 13(8) was later tested against strain 0 2 in a passage mouse, it gave as marked a reaction as with strain 0 t . It was at first thought that this was a non-specific reaction, since only one crisis had been noted in this rat, and it had been exsanguinated at a time when it contained organisms which were apparently the relapse strain of 0,, but before any opportunity was given for immunity to these relapse parasites to be formed.
A third animal, rat 2(19), had been infected with strain 0 2 and so treated, in connection with another line of investigation, that it was completely cured of the disease and retained antibodies against strain 0 2 . After 28 days, it was reinfected with a large dose of the strain 0 2 organisms, to which it was immune. The infection appeared in the rat after only a short incubation period, however, so that its immunity was not actually protective, at least with the large dose used. Since the organisms appearing in the blood of this rat which was still found to contain antibodies to strain 0 2 could not be this strain itself, it was evident that they must be the relapse of this strain, which shall be termed strain 0 3 . Yet when these parasites were tested with the blood of rat 6(25), a positive reaction was obtained. Again, as in the case of the rat 13(8) blood, it was thought that a non-specific Rieckenberg reaction was being observed. But when rat 13(8) blood was now tested with these 0 3 organisms a negative reaction was obtained, and similarly, the rat 6(25) blood gave a negative reaction with strain 0T his ruled out the possibility of non-specific reaction. What had apparently happened then, as shown in diagram 1, was that rat 13(8) had become immune to strain 0 1 after the visible crisis, and immune to strain 0 2 some time after the sixth day in the interval after the crisis. The organisms which had finally appeared were actually the second relapse of strain 0^ Rat 6(25) similarly had become immune to strain 0 2 after its visible crisis, and to strain 0 3 in the interval after the crisis during which no parasites were observable in the blood stream. The organisms which eventually reappeared in this rat were at least the second relapse of strain 0 2 .
These observations are of interest in that they demonstrate that the rat may acquire immunity to trypanosomes while they exist as a latent infection, a point which has already been made in the cases of rats 1(20), 3(20), 4(20) and 14(8), which showed immunity during the incubation period. Further, it is seen that the first relapse strains of a given strain were the same in different animals. Thus, the strain 0 2 appearing in rat 13(8) was the same as the passage strain 0 2 which had been previously isolated from another rat, and the strain 0 3 appearing in rat 2(19) was the same as the strain 0 3 which was present as a latent infection in rat 6(25). Neumann (1911) has shown that in general the first serum relapse strains are serologically identical in different individuals. This is essentially what has been found here, and is illustrated in the diagram.
The Rieckenberg antibody.
Technic of Rieckenberg test. As stated in the preceding section, strain specificity throughout this work was controlled by means of the Rieckenberg reaction. For this purpose, the technic described by Rieckenberg (1917) was followed-a drop of immune blood was mixed on a slide with a drop of citrated bouillon and a small amount of the infected blood of a mouse harboring the strain to be tested. This was examined microscopically. Whole immune blood was at first used because the agent responsible for the action has been specifically ascribed to the fibrinogen fraction of the plasma by several authors, including Rieckenberg.
Specificity of test. The test was found to be completely satisfactory in its ability to differentiate between the strains isolated in these experiments. This specificity of the reaction has been undisputed by most investigators who have made a study of it, or have had occasion to use it. Rieckenberg stressed this point in his report of the discovery of the phenomenon, as the result of work with rats chemotherapeutically immunized against several strains of T. brucei. Kritschewsky and Tscherikower (1925) and Brussin and Beletzky (1925) further corroborated the specificity of the reaction, and found that the antibodies could be demonstrated in the blood of rats immune to T. equiperdum for two and one-half to three months after the druginduced crisis. Adant (1929) , as the result of work with T. pecaudi in mice, presents the most striking illustration of the sensitivity of this reaction. He found that if an infection with an original strain in a mouse was incompletely cured by means of a subtherapeutic dose of a drug, then the parasites appearing as the relapse strain could be distinguished, by means of protection and Rieckenberg tests, from the original strain. If now this relapse strain was put into a normal mouse, it lost its resistance to the protective antibodies against the original strain and would not infect the cured mouse. The serum of the immune mouse did not effect platelet adhesion with this relapse strain passed through a normal animal, however, so that the Riecken-IMMUNITY TO TRYPANOSOMES, I 433 berg reaction was more specific than the cross immunity reaction. In contrast to the findings of these workers, Regendanz and Jurukoff (1930) state that the phenomenon of adhesion could not only be produced by non-specific sera (that of one of the authors and the serum of an icterus patient) but also that it was always produced by the corresponding immune sera with the original strain in the mouse and with the relapse which results from the formation of immune serum in the blood.
Previous investigations of the antibody and its blood protein association. Although Rieckenberg pointed out the parallelism of relapse strain formation (immunity) with the occurrence of platelet adhesion, he believed that the agglomerating antibodies were distinct from the platelet loading principle. This view was based mainly on the fact that he was able to obtain agglomeration with immune serum, whilst successful adherence of the platelets was brought about only by the use of whole blood. Whole blood was deemed necessary by Rieckenberg because he thought the platelets of the immune animal to have acquired in some manner the ability to take part in the reaction. Kritschewsky and Tscherikower (1925) then showed that the platelets of the immune animal were not necessary for the reaction, but rather that the phenomenon was effected by antibodies for which the platelets served as an indicator. The specific principle responsible for the reaction they termed " thrombocytobarin," and since they were unable to obtain reactions with immune serum, this principle was placed in the fibrinogen fraction of the plasma. The thorough reinvestigation reported by Brussin and Beletzky stated also as one of its conclusions that the antibody responsible for platelet adhesion was in the fibrinogen of the blood. Prom the standpoint of modern immunological concepts concerning the essential identity of antibodies, these conclusions are of great interest. Here we are dealing with an antibody which, in view of its supposed association with a protein fraction of blood outside the serum, cannot be considered identical with other immune bodies-e.g., the agglomeratins and protective antibodies which are found in the serum of immune animals. Furthermore, it is the first antibody of any kind ever reported to be in any except the globulin of the serum. More recently however, several authors have successfully obtained positive adhesion reactions with serum. Thus Krantz (1926) with the spirochaete of recurrent fever in mice used serum and obtained positive results, as did Adant (1929) and Regendanz and Jurukoff (1930) with trypanosomes.
The controversial point raised by the different results of previous workers reported here seemed worthy of investigation, first because of the universal association of all other known antibodies with the globulin of the serum and second, because of the incompatibility of the work of the earlier investigators with the hypothesis of the identity of antibodies. If the antibody concerned in this reaction were actually associated with the fibrinogen of blood, it must logically follow that the adhesion phenomenon could not be one manifestation of a basic immunologic response which is associated with an entirely separate blood protein.
The positive results obtained with serum by the later workers are open to question because of the well known presence of residual fibrinogen in serum. It was thought that a final answer to the question might be supplied by the use of chemically isolated immune blood proteins in carrying out the test, and this was the procedure employed.
Experimental. In this work immune blood was supplied in some cases by the rats used in connection with the first part of this report, and in others by rats treated in a manner to be described in a later paper. Plasma was obtained from blood by addition of heparin (1 cc. of a 0.1 per cent solution in isotonic saline to 1% cc. of blood) followed by centrifugalization. The euglobulins and pseudoglobulins were precipitated from sera by the usual treatment with ammonium sulphate. The reactions were carried out on slides following the technic of Rieckenberg. In the tables, agglomeration and adhesion are separately recorded, 4 -|-indicating a marked reaction, 3 -(-a good reaction, 2 -)-a fair and -f-a weak but definite reaction. In recording adherence, the platelets are the elements referred to unless it is stated that other elements partake in the reaction. For example, 4 -f-W.B.C. refers to adhesion chiefly or entirely of leucocytes. The reactions recorded in tables 2 and 3 are representative of many such sets of tests which were carried out.
In the first tests done, the sera of immune rats were tested for the presence of the platelet-loading factor. The results are shown in table 2. The serum from rat 1(12) was collected after a crisis following original infection with strain T. At-this time, as seen, the whole blood of this rat gave a markedly positive adhesion reaction with strain T. The serum of rat 13(8) was taken at a time when this animal had shown a crisis after infection with strain T and was in the negative period after the crisis.
The immune sera without addition of particulate elements in most cases gave positive adhesion reactions, though in some tests this was not the case. The reason for this variation cannot be stated. Indeed, a certain amount of irregularity is noted in duplicate tests done with the same materials at the same time, as in the case of additions of normal serum and plasma to the immune serum of rat 1(12) on 2/1/33. These additions were made in order to determine the possible role of a normal constituent of fibrinogen in the adhesion phenomenon. There was some variation in the duplicates of each test. Furthermore, on this date the tests to which normal serum and plasma were added were positive, though the immune serum alone and this serum plus washed rat blood cells gave negative results. Yet the addition of the staphylococcus vaccine gave a positive reaction, as was also the case when normal rat whole blood was added to the tests. It is worthy of note, and will be subsequently discussed, that not only platelets, and vaccine when added, but also leucocytes adhered to the organisms in many of the tests. In table 3 are given the results obtained with several isolated immune euglobulins and pseudoglobulins. The immune substance of rat 13(8) was collected several days later than that used in the tests in table 2, and as described earlier in this report, was found to be immune to the strain used for infection (strain T) as well as the relapse of this strain (strain 0 2 ) (see diagram 1). Rats 1(19), 4(19) and 6(19) were bled after a crisis following strain 0 2 infection, and were immune only to this strain.
With immune euglobulins alone no adhesion reactions were obtained, though agglomeration occurred. When normal whole bloods of various animals or staphylococcus vaccine was added to the test, however, positive tests were obtained in practically all cases. In some of these tests also, leucocytes are seen to partake in the reaction. Non-specific adhesion or agglomeration with strains other than those to which the rats were immune did not occur, though there was a close relationship between the strains acted on by the antibodies and those with which negative results were obtained. For example, rat 4(19) euglobulin was effective against strain 0, from-passage mice or an infected rat, but was completely negative with strain T, the precursor of strain 0,, and with the relapse of strain 0.,. The same strain obtained from different sources was equally well affected by the antibodies against this strain, however.
Pseudoglobulins were used in several instances and were found to cause positive adhesion and agglomeration. In the case of rat 6 (19) however, positive adhesion was not found in two tests carried out with the strain against which antibodies were formed.
Probable identity of Rieckeriberg antibody with other immune bodies. Since the antibody responsible for adherence of particulate The passage mouse used as the source of trypanosomes was at the peak of infection, and the tests were swarming with organisms.
Blood obtained by cardiac puncture-stored in icebox.
The passage mouse used as the source of trypanosomes was at the peak of infection (the same mouse as used in tests with Rat 1(19) immune substance of this date), and the tests were swarming with organisms. elements to trypanosomes is seen to be in the globulin fraction of the blood, it is interesting to consider whether it is perhaps identical with the other antibodies present in, or in association with this blood protein. Levaditi and Mutermilch (1910) have described the process of phagocytosis of trypanosomes as occurring in two stages. The first of these is attachment of the leucocytes to the organisms and the second is engulfment. Taliaferro (1929 Taliaferro ( , 1932 states that although he has been unable to observe phagocytosis either in vivo or in vitro he has, with the use of immune serum under the latter condition, frequently observed the attachment of the leucocytes. Regendanz and Jurukoff (1930) have commented on the attachment of white cells seen under the conditions of the Rieckenberg test, and state that platelet loading, leucocyte attachment and agglomeration are only different manifestations of the same cause, depending on the action of immune serum on the trypanosomes. (They introduce another step in this reaction, however, and speak of the production by the parasites of a sticky substance as the result of the action on them of the antibodies. This supposedly mucoid material they call "tektin.") These authors state that the nature of the particles adhering to the organisms is determined by the presence of these particles in sufficient numbers to load the organisms. When they used centrifugalized leucocytes, good adhesion of these cells was obtained. Staphylocoeci and India ink particles however, were not so readily adaptable, though the work of Johnson and Lester (1929) is quoted, in which the adhesion phenomenon was obtained with bacteria and gamboge. The results with bacteria recorded in tables 2 and 3 are similar to those of Johnson and Lester. As the result of such evidence, it seems suggestive that opsonins may be identical with the so-called plateletloading antibody. The statements of Rieckenberg and later of Brussin and Beletzky that adhesion antibodies were first found 24 to 48 hours after the lytic crisis is antagonistic to this hypothesis of antibody identity. Adant (1929) however, has found that the blood of untreated mice in the last stages of the acute infection with T. pecandi contains adhesion antibodies against the original parasites used for infection, and kept in passage mice. The parasites in the dying mouse however, are identical with this original passage strain as determined by cross-immunity reactions. Apparently then, at the end of the infection anti-trypanosome bodies (lysins or opsonins or both) are elaborated to some extent, not in great enough concentration to noticeably affect the number of organisms in the blood, but sufficient to slightly alter the character of the parasites present in this animal. At any rate, whatever the mechanism involved, adhesion antibodies can be demonstrated at a time when protective substances are present in insufficient concentration to visibly affect the parasites. For this reason the time element can be ruled out as an objection to the possibility that the antibodies are identical.
To carry the point further, identity of antibodies would mean identity of agglomeratins with the platelet-loading antibody. Regendanz and Jurukoff state that the occurrence of agglomeration or of platelet-loading depends on the number of trypanosomes present in the test, and for this reason these authors consider the antibodies to be identical. According to these workers, with few trypanosomes only platelet adhesion is seen, with many parasites only agglomeration is found, while with a moderate number, both agglomeration and adhesion occur. That irregularities of action occur when many organisms are used in the tests was observed by Rieckenberg and Brussin and Beletzky with whole immune blood. The results reported in this paper do not definitely allow a separation of the manifestations as given by Regendanz and Jurukoff, though they are suggestive, of such a division. In table 2, for example, the rat 1(12) immune serum on 1/31/33 caused platelet adhesion, but the parasites in the test were so sparse and widely separated that lack of agglomeration might well have been purely the mechanical result of this separation. The subsequent tests in this table were carried out with comparatively few organisms also, jet good agglomeration was found in every case. In table 3 the immune substances of rats 1(19) and 4(19) were tested at the same time with the same source of trypanosomes, and all these tests were literally swarming with the parasites. The adhesions in the case of 1(19) were weak. Those of 4(19), however, were stronger, although somewhat irregular. Other unrecorded results indicate further that irregularities could not be definitely correlated with the number of parasites present in the tests.
At this stage of knowledge concerning the antigenic properties of trypanosomes and the types of antibody responses associated with them, it is very difficult to array a line of solid evidence either for or against the Unitarian theory of immune bodies in relation to this particular parasite. It is very possible, for example, that in working with trypanosomes we are dealing with two or more distinct antigens, to each of which a full '' set'' of antibodies are elaborated. The work of Adant with T. pecaudr is suggestive of such a possibility, for as described above, relapse organisms put through a normal animal lost their resistance to the protective properties which they had caused to IMMUNITY TO TRYPANOSOMES, I 443 appear in the serum, but these parasites were still differentiated by the Eieckenberg antibodies.
Of one fact we may be certain-if all antibodies are identical, the adhesion antibody by virtue of its demonstrated association with the same fraction of the serum as other immune bodies, have been placed in a position where their relationship to these becomes a real possibility. Had they been found actually present in the fibrinogen, however, a relationship or identity with antibodies in an entirely different protein fraction would logically not be expected.
Discussion.
Virulent strains of Trypanosoma equiperdum may cause a relapsing type of infection in the rat when the infective doses used fall within certain low limits. This humoral immunity does not occur with a given dose in all cases, and insofar as may be judged from the number of animals reported on here, may be correlated with the sex of the animal, for female rats seem better able than male animals to acquire resistance to these organisms. The formation of antibodies may occur more than once during the course of an infection. The presence of parasites in the blood in microscopically demonstrable numbers is not necessary for the formation of antibodies, for in some cases immunity was found present during the incubation period, and in others immunity to the relapse organisms of a strain which had undergone a visible crisis was found to have been acquired during the period after the crisis when parasites could not be found in the blood. In no case however, was immunity found when the number of living trypanosomes injected into the animal was subinfective.
The appearance of immunity in rats infected with virulent strains of Trypanosoma equiperdum has not been previously reported. Taliaferro and Taliaferro (1922) , Linton (1930) and Kolmer (1915) have all spoken of the infection as being acute in nature. Dr. C. M. Johnson (personal communication) states that in his experience, nothing but the acute type of infection was ever noted in several hundred rats infected with this organism. It is especially interesting that the relapse type of infection has been-obtained with organisms received from Drs. Taliaferro and Johnson, and that the strain received from Dr. Culbertson of Columbia University were those used by Dr. Linton. That the virulence of the organisms was not impaired after having been received from these sources seems evident from the fact that with infective doses above the limits reported an acute and rapidly pro-gressing infection was always found. In these infections the invariable anemia associated with the disease was observed, but changes in the leucocyte content of the blood were found to be of no particular significance. A constant feature was a rise of greater or less degree in total white cells about one day after infection, with no variations in the differential picture.
It seems very interesting that in animals which received subinfective doses of trypanosomes, the presence of humoral antibodies was never noted. It may be said with certainty that such animals did not react to the presence of these small doses of living organisms with an immunity response. It follows from this that the occurrence of immunity in the rat to Trypanosoma equiperdum is a function of the condition of the organisms-whether living or dead-and the size of the infective dose employed. Thus, small doses of viable, organisms lead to humoral immunity, though the eventual fatal outcome of the disease is unaltered, since some of the parasites possess the ability of themselves becoming resistant to the host immunity. Smaller (subinfective) doses are apparently killed by the natural resistance of the animal soon after entrance into the body. At any rate, they are given no opportunity to develop and multiply. What the response to them may be, if there is one, cannot be stated. Kligler and Comaroff (1929) state that on one occasion they inoculated a group of rats with T. gambiense but the infection failed to develop, presumably because the dilution process left a smaller number of organisms in the inoculum than was expected. Three weeks later these rats were reinfected with the same strain of organisms, and infections of a much more acute nature than regularly obtained were observed. The same effect has been noted in this work, but the number of animals on which such observations were made is too small for definite conclusions to be drawn. The work of Kligler and Weitzman (1926) with T. evansi in the rabbit indicates also a hypersensitivity to infection as the result of injection of killed organisms. Though these authors do not discuss it, the report which they give of their procedure (the maintenance of passage organisms in the guinea pig) would almost certainly indicate that they were working with different strains of this trypanosome in the same animal, in which case the hypersensitivity of which they speak is not a strain specific reaction. Immunity, however, is strain specific. It would be of interest to determine the nature of the antigenic constitution of trypanosomes, for apparently these organisms are able to induce responses in the host which are strain specific on the one hand, and at best, species specific on the other. The platelet-loading antibody which was used in this work for strain determination has been found in the globulin fraction of the serum rather than the fibrinogen of the blood as supposed by earlier investigators. The fact that more recent workers have been successful in obtaining positive reactions with immune serum is dependent not on residual fibrinogen present in such serum, but rather on the fact that the globulin is the vehicle or source of these antibodies. A supply of particulate elements is necessary in order for these antibodies to be regularly demonstrated. The fact that these immune bodies are associated with the fraction of the blood in which all other known antibodies have been found makes way for the suggestion that if there is an identity of all antibodies to a particular antigen, this Rieckenberg agent may also be an expression of a fundamental immunity response of the host to the trypanosome.
For the differentiation of strains in the course of immunological investigations with trypanosomes, it has been found practical to preserve the serum or globulin of immune rats in the icebox and to use these materials with the addition of normal whole blood or bacterial vaccine whenever such differentiation becomes necessary. It seems well established that the reaction is extremely specific, and this convenient method of preserving the necessary materials without recourse to the whole blood of immune rats makes control of these investigations a fairly simple matter.
Summary and conclusions.
1. With ordinary heavy infective doses of Trypanosoma equiperdum in rats an acute blood infection is obtained, with death occurring in from three to seven days after infection. The length of life is dependent upon the size of the infective dose, and probably to some extent on the weight of the animal employed.
2. With small infective doses of organisms the rat may show an immunity to the parasites. Immunity occurs in the majority of animals given these small numbers of organisms and antibodies may be produced several times during the course of an infection. The invariable result, however, is a fatal relapse. This finding is contrary to the results reported by previous investigators who have described the infection with virulent T. equiperdum in this animal as always being acute in nature.
a. Immunity may be produced to the original infecting strain before organisms have appeared in the blood stream at all in microscopically demonstrable numbers. Antibodies may also be formed during the periods following visible crises against the relapse strain resulting from such a crisis.
b. The immunity is strictly strain specific. c. The first relapse strains of the same original strain are the same in different rats.
3. Subinfective doses of living trypanosomes do not cause the production of immunity in this animal. Since the parasites comprising subinfective doses are most probably killed by the natural resistance powers of the host very soon after introduction into the body, the conclusion is drawn that immunity to trypanosomes in this animal is dependent upon the presence of living parasites, even if only as a latent infection.
4. Investigation of the Rieckenberg or " thrombocytobarin" antibody has revealed it to be associated with the globulin fraction of the serum. Previous reports have for the most part assigned this antibody to the fibrinogen of the plasma.
a. The antibody may be demonstrated in this fraction by the addition of non-specific particulate elements, such as bacterial vaccines or the normal whole bloods of various animals, to the test.
i. In view of the fact that the antibody is found in association with the same protein of the blood as other known antibodies, it is suggested that from the viewpoint of the essential identity of antibodies, this one is only one manifestation of the fundamental immunity response of the host to the parasites.
